Singular regions of the globe harbour a disproportionally large fraction of extant biodiversity. Spatial biodiversity gradients are frequently associated to extant ecological conditions using statistical models, but more rarely to paleo-environmental conditions, especially beyond the Quaternary. On one hand the role of plate tectonics in shaping the extant diversity of lineages is supported by numerous phylogenetic and fossil evidences, and on the other hand the spatial variation of biodiversity across the globe is rarely associated to geodynamic variables. In this study, we propose that plate tectonics explain the current location of hotspots of endemic richness across the globe. As an illustration, we used paleogeographies in a model, which quantifies through time and for each cell the potential dispersal across disconnected habitat patches. Rare events of dispersal across dynamic straits of unsuitable habitats allows species colonisation and that a subsequent absence of gene flow could lead to in-situ speciation. We evaluated whether this process could pinpoint the locations of hotspots of endemic richness computed from the ranges of 181,603 species across 14 taxonomic groups. The significant congruence between the regions highlighted by the model and the endemic richness provides evidences of the contribution of plate tectonics in shaping global biodiversity gradients. Places with high tectonic complexity, predominantly located at the confluence of major lithospheric plates such as the Mediterranean basin, Central America, Madagascar and South East Asia likely provided favourable circumstances for allopatric speciation and the emergence of new species across straits. While our illustration supports the role of plate tectonics, accounting for deep time geological events in spatial models of extant biodiversity is not straightforward. Future research should develop quantitative spatial models of biodiversity including the dynamic of ancient habitats.
Introduction
Biodiversity on Earth is the result of the radiation of lineages in interaction with relentless changes in their environment and is sustained by extant ecological conditions. Convergence of ecological and evolutionary theories stems from the recognition that the uneven spatial distribution of biodiversity is the product of both contemporary and historical factors (Latham and Ricklefs 1993, Mittelbach et al. 2007 ). Investigations of the emergence and maintenance of biodiversity has been addressed using a variety of approaches. Based on phylogenies, rates of diversification have been associated to regional differences in paleo-environmental conditions and highlighted how ancient Earth processes lead to extant biodiversity (e.g. Near et al. 2012 , Condamine et al. 2012 . In particular, plate tectonics were shown to foster species diversification in specific regions (Magri et al. 2007 , Li et al. 2013 , Richardson et al. 2014 , Bagley and Johnson 2014 . However, phylogeographic models are based on a very limited number of regions (e.g. low versus high latitude, Pyron 2014, Pulido-Santacruz and Weir 2016) , and their power to explain complex spatial gradients is limited. Alternatively, spatial statistical models provide a popular approach to explain spatial gradients of biodiversity. In spatial statistical models, contemporary factors are more frequently investigated (e.g. climate or energy, Currie 1991 , Hawkins et al. 2003 , Jetz and Kreft 2007 , than historical proxies (e.g. latitude, Kerkhoff et al. 2014) , which rarely extend beyond the Quaternary (Graham et al. 2006 , Sandel et al. 2011 , Pellissier et al. 2014 . While plate tectonics are recognised to have shaped past and extant biogeographic patterns (Valentine and Moores 1970 , Valentine 1971 , Raven and Axelrod 1975 , Cracraft 1973 , Flessa 1980 , Briggs 2003 , proxies of ancient geological dynamics are not integrated in spatial models of biodiversity. Hence, correlative climatic models may currently underestimate the influence of historical factors on extant biodiversity patterns (Rahbek et al. 2007 ).
Using spatial statistical models, the large scale distribution of biodiversity across the globe has been associated to a multitude of variables (Mittelbach et al. 2007 ). The most commonly proposed driver of biodiversity is energy, either in the form of temperature (Currie 1991 , Hawkins et al. 2003 or primary productivity (Kay et al. 1997 , Waide et al. 1999 , Jetz and Fine 2012 , where higher energy should sustain more complex food chains (Briand and Cohen 1987) . Other extant environmental conditions, including water (Qian et al. 2007) or area (Hawkins et al. 2003 , Bellwood et al. 2005 show strong correlations with extant species diversity. Most historical studies investigate whether species distributions are in disequilibrium with extant climate as a legacy of the last glaciations (Graham et al. 2006 , Sandel et al. 2011 , Pellissier et al. 2014 ), while few spatial analyses extend beyond the Quaternary (Svenning et al. 2015 ). Yet, phylogeography and palaeontological evidences suggest that geological dynamics largely reshaped species distribution in the past (Li et al. 2013 , Richardson et al. 2014 , Bagley and Johnson 2014 , and their legacy should be detectable today. Moreover, the association between species richness and topography (Davies et al. 2007) , heterogeneity (Stein et al. 2014) or plate boundaries (Keith et al. 2013) suggests that older processes, e.g. associated to orogeny, also represented biodiversity pumps (Badgley 2010) . Models of the spatial distribution of extant biodiversity should integrate proxies of more ancient processes, which acted concomitantly to the phases of diversification of extant species, usually millions of years old (Hodge and Bellwood 2016) .
Beyond a single latitudinal gradient, singular regions of the globe host a disproportionally large fraction of extant biodiversity. For instance, at comparable latitudes and climates, Asia is considerably more diverse than America or Africa , Couvreur 2015 . During the last ~100 million years, a period during which many extant clades diversified, plate tectonics largely remodelled the structure of terrestrial landscapes and marine reefs and should have left a legacy on current diversity (Renema et al. 2008 , Leprieur et al. 2016 . Among geological processes shaping biodiversity, the convergence of tectonic plates promotes environmental heterogeneity through building of topography. Here, temporal changes in convergence kinematics along subduction zones (such as the Andes) can generate significant vertical crustal motions. Towards the end of a Wilson cycle, collision of continental plates generate Alpine-Himalayan type mountain chains, which enhance the diversification of organisms, e.g. plant (Hoorn et al. 2010 ) and animal lineages (Toussaint et al. 2014) . Additional geological processes, e.g. the emergence of islands associated to volcanism or the collision of continental plates, modulated species diversification (Briggs 2003 , Bidegaray-Batista et al. 2011 . Although orogeny and island formation processes are commonly known to isolate populations and promote speciation (Hoorn et al. 2010, Ali and Aitchison 2014) , those represent only part of the full spectrum of plate tectonic processes. By isolating populations with oceanic gateways, fuelled by sporadic events of long-distance dispersal across straits (Lavergne et al. 2013) , plate divergence may be a major catalyst of allopatric speciation (Steeman et al. 2009 ). The full spectrum of relative plate motions, including the plate divergence and the resulting formation of oceanic gateways and basins, had probably the most profound effect on the diversification of species through allopatric speciation and may have led to biodiversity unbalance across the globe.
In this article, our aim is to highlight that, despite phylogeographic and fossil evidences, most recent studies seeking to understand the cause of the spatial variation of extant biodiversity using spatial model have overlooked plate tectonics. Ancient geological events are expected to have promoted differential diversification across the globe fostering global imbalance in biodiversity (Gillespie and Roderick 2014) . We illustrate our hypothesis using a simple spatial model which quantifies dynamically the role of plate movements in providing opportunities to generate biodiversity at the margins of continental plates. Allopatry is thought to be the dominant force of speciation (Futuyma and Mayer 1980) and this mechanism may generate a higher diversity of species endemic to regions with singular geological dynamics. We compared locations where high diversity is expected from a speciation process linked to plate movements to the distribution of the cells with the highest (top 10%) endemic richness worldwide across 14 taxonomic groups in marine, freshwater and terrestrial environment amounting to 181,603 species. Based on those evidences, we argue that the availability of paleo-habitat reconstructions should provide the missing link between past environmental changes and their consequence on present biodiversity gradients. We stress the need for further research into the role of past habitat dynamic associated to plate tectonics on the spatial distribution of current biodiversity.
A spatial proxy of speciation from plate tectonics
Reconstructions of paleo-habitats is needed to understand which regions were historically the most favourable to promote the emergence of biodiversity (Svenning et al. 2015) . Here, we used paleoreconstructions of the absolute position of continents, coastlines and paleobathymetry (Müller 2008 , Heine et al. 2015 from the Early Cretaceous (140 Ma) to the present in 1 Ma steps as boundary conditions for our models. The period spanning the last 140 Ma is characterized by significant changes in the position of the tectonic plates across the globe, e.g. from the breaking of Gondwana supercontinent, followed by the rapid northward motion of India, and Australia. This phase represents the time window during which many extant clades diversified (Meredith et al. 2011 , Jetz et al. 2012 ). Yet, because the peak of diversification of some of the groups analysed occurred later, we run a sensitivity analysis, which showed that considering different starting dates for the simulations (100, 80, 60 and 40 Ma) provide similar distributions of expected diversity (Supplementary Appendix Fig.  S1 ).
To produce a spatial proxy of how plate tectonics might have shaped spatial biodiversity gradients, we used paleo-environmental maps to quantify through time and for each cell the potential dispersal from disconnected land patches (Figure 1, Supplementary Appendix Fig. S1, S2) . Dispersal across geographic barriers should allow the establishment of new species, but that gene flow is subsequently almost inexistent leading to in-situ speciation. Classical example of long distance colonisation of remote areas such as islands(e.g. Guzmán and Vargas 2009, Gillespie and Roderick 2014) leading to local speciation support the possibility of dispersal across straits on geological time scales (Cowie and Holland 2006) . For terrestrial and freshwater organisms, land was considered as suitable and sea was considered unsuitable, while for marine reef organisms, shallow reef habitat was considered as suitable, while deeper waters were considered as unsuitable. We tested a range of dispersal d (5, 10, 15, 20, 25, 30 [°] ) for both terrestrial and marine ecosystems (Supplementary Appendix, Fig. S4, S6 ). The proxy only covers a mechanism for the generation of new species, but fails to account for extinction. Extinction is supposed to be associated to climatic fluctuation more intense toward the poles (Dynesius and Jansson 2000) . Hence, we also filtered the output maps with an extinction filter that decreases linearly or with a Gaussian shape with latitude (Supplementary Appendix, Fig. S5, S7 ).
We used a global database on the geographical distribution of species obtained from BirdLife and the IUCN (IUCN Global Red List Assessments), the Ocean Biogeographic Information System and the Kew plant regional checklists. We transformed individual species shapefiles into equal area raster grids at a resolution of 1° (i.e. ~ 111.195 km; see Fig. S8 , S9, S10 in Appendix S1). We calculated the endemic richness as the sum of the inverse range sizes of all species for each taxonomic groups (Kier et al. 2009 ). We tested whether there is a significant spatial congruence between the singularities expected by the model and the observed endemic richness. For each comparison between observed and predicted maps, we evaluated the spatial match between the 10% of the cells with the highest endemic richness and the 10% with the highest expected value predicted by the model. To assess whether the observed number of overlapping cells is significantly different from that obtained by chance, we used a randomization procedure as in Mouillot et al. (2011) . We randomly redistributed the value of expected diversity 999 times within the grid. The observed numbers of overlaps were then compared to their respective null distributions to calculate p-values. This analysis allows identifying if expected and observed diversities present similar spatial repartition of high values. This approach is more appropriate to evaluate our spatial hypothesis, but the results are also supported by standard correlations (Table S1 , S2).
The resulting proxy of speciation associated to plate tectonics pinpoints a few regions with high potential for speciation associated to plate tectonics, namely Central America, the circumMediterranean basin, Madagascar and the Sundaland region of South East Asia. Two additional regions at higher latitude in the archipelago of Northern Canada and between Patagonia and Antarctica are also highlighted, but their general influence is attenuated once the extinction is considered (Supplementary Appendix, Fig. S11 , S12). The regions which have undergone significant tectonic deformation potentially generating species across straits showed a significant match with the hotspots of endemic richness, with 28.79% of common grid cells (47.19% when considering extinction) for land organisms and 26.94% (25.41% with extinction) for freshwater organisms. Plate tectonics generated singular spatial configurations of land masses, which possibly favoured the emergence of species with restricted ranges at the land margins, hence well-matching endemic richness. Applied to the marine realm, the model pinpoints broader regions, including the IndoAustralian archipelago, the region of Madagascar, the circum-Mediterranean Sea, and the Southern Atlantic. The congruence of the model expectations and the regions of singular endemic richness was low with only 11.65% of match (24.71% with extinction).
The dynamics of continental separation and the formation of narrow, deep water oceanic basins likely permitted long-distance dispersal followed by allopatric speciation (Xiang and Soltis 2001, Lavergne et al. 2013 ) and corroborates the idea that plate tectonic processes over time and space shaped regions of exceptional endemic richness (Gillespie and Roderick 2014, Couvreur 2015) . For instance, phylogeographic inferences suggest that dispersal from eastern Asia to insular areas in South East Asia coincides with the timing of major tectonic activity and the collision between the Sunda and Sahul shelves that caused continental fragments to be rearranged spatially throughout the region (Bacon et al. 2013) . When populations are established after dispersal across oceanic gateways, isolation prompts the emergence of disparate gene pools which ultimately leads to speciation (Ali and Aitchison 2014) . The model was able to highlight some of the regions of the globe with the highest level of endemic richness including the Mediterranean basin, Meso-America, Madagascar and SouthEast Asia (Figure 3 A) . In agreement with our model, evidences suggest that periodic dispersal events across land masses triggered species diversification, with known examples being those between the North, Central and South American plates (Bagley and Johnson 2014) , across the Iberian, Adriatic and African tectonic plates in the Mediterranean basin (Lavergne et al. 2013) , or in the IndoAustralian archipelago (Warren et al. 2010) . Similarly, the early emergence of Madagascar in interaction with asymmetrical exchanges with the coast of Africa likely enhanced speciation and promoted a high level of endemism (Ali and Huber 2010) . Moreover, a paleo-strait at the Cape Horn putatively shaped high diversity in the South America-Antarctic Peninsula region, which corresponds to an exceptional fossil plant diversity in the Eocene (Wilf et al. 2005) . Overall, the model shows a good match with observations for the land, but a lower match for the marine realm. We hypothesize that deep water oceanic gateways between shallow shelfal areas are probably much more permeable for marine organisms than shallow epicontinental sea strait across land patches for terrestrial taxa.
Multi-temporal spatial maps of paleo-environments
The current climate constrains the number of species that can survive at a given place, for instance through processes of environmental filtering along latitude (Sommer et al. 2014) . It is however not sufficient to explain the full regional variability of species diversity across the globe He 2016) . Complementing ecological factors, biodiversity gradients can be related to historical events of speciation and extinctions, whose intensity varied across regions (Svenning et al. 2015) . Interestingly, many regions recognised for their high diversity or degree of endemism, such as Madagascar, or South East Asia, are situated in proximity to continental plate margins, where previously joined continental crust was rifted apart, providing clues on the role of plate tectonics in shaping biodiversity hotspots (Couvreur 2015) . We highlight that, while many phylogeographic or paleontological evidences suggest an important role of plate tectonics, most spatial model of extant biodiversity have overlooked this effect. Here, we provide a coarse spatial proxy of plate tectonics on speciation for terrestrial dynamics to support our hypothesis. We acknowledge that our example has limitation, e.g. not integrating orogeny, thus failing to highlight regions where high endemic richness is linked to topographic complexity, such as the Andes. Improving the details of phylogeographic reconstructions will allow better quantifying how plate tectonics shaped the extant spatial gradients of biodiversity.
In recent years, significant progress has been made to reconstruct the time-dependent bathymetric evolution of ocean basins over the past 230 Million years (Müller et al. 2008 (Müller et al. , 2016 , along with advances to assimilate global data sets on the distribution of paleoshorelines (Heine et al. 2015) . Paleobathymetric reconstructions have been used to model the diversification of marine organisms (Leprieur et al. 2016) . For terrestrial life, one of the key boundary conditions are the availability of robust paleoelevation models in regularly spaced intervals. While such models have been assembled for proprietary studies in industry-research consortiums, they are currently not freely available for academic research. Some have been used for instance to reconstruct elevation-dependant temperatures (Lunt et al. 2016) , which can be used to constrain vegetation models (Sepulchre et al. 2006 ). However, gridded reconstructions of paleo-topographies at regular time intervals have yet to be made publically available. Further, reconstructions of paleo-topography are inherently biased by the fact that sedimentary basins record the subsidence of the Earth's crust in relatively great detail, while erosion destroys significant information on the temporal dynamics in extent and height of mountain ranges. Biased data collection, partly driven by accessibility issues but largely because sedimentary basins are hosts to the majority of hydrocarbon resources, has further contributed to an imbalance of our understanding of the dynamics of mountain ranges versus sedimentary basins. By now we have a robust understanding of the evolution of oceanic basins (e.g. Müller et al 2016) and continental margins due to decades of data acquisition, research and resource exploration. However, the availability of global and regional crustal-scale data sets (e.g. Pasyanos et al. 2014 ) on along with improved computational tools allows for potential avenues to construct such paleo-elevation models. These can be further augmented with more detailed regional estimates of paleoelevation in existing databases including thermochronology (e.g. Barns et al. 2012) , isotopes studies (e.g. Campani et al. 2012) . Effort should be invested in such open access reconstruction to produce a benchmark data set to model terrestrial biodiversity dynamics. Because some fossil data are used to build paleogeographies, those reconstructions are not fully independent from biological data, and this should be considered when interpreting the results. Nevertheless, we anticipate a huge potential of paleogeographies to increase our understanding of spatial biodiversity gradients.
With this paper, we would like to encourage research that bridges paleobiology with macroecology using paleogeographies. Accounting for deep time geological events in spatial models of extant biodiversity is not straightforward and even if our study propose a first illustrative approach, spatial models should be further developed. A new generation of biodiversity models could explicitly model species diversification from the spatio-temporal sequence of environmental conditions (Gotelli et al. 2009 ). Based on reconstructed paleohabitats, spatial diversification models may track the distribution of lineages in grid cells, as well as their genealogy, which can be compared with multiple empirical evidence, including biodiversity metrics (Gotelli et al. 2009 ). Leprieur et al. (2016) showed the interest of such an approach to understand tropical marine diversification, which can be compared to current patterns and the fossil records. To this aim, more effort should be invested in producing openly accessible paleoenvironmental maps that can be coupled with mechanistic models to understand the spatial dynamic of species diversification. As stated by Myers and Gillers (1988) "To progress, biogeography must attempt to integrate divergent interests and determine how speciation, adaptation and ecological processes interact with one another and with geology and climate to produce distributional patterns of the world's biota". We have now the tools to realize this research agenda and quantify the role of historical habitat dynamics within a fully spatial framework. Tables   Table 1. Best results of the statistical test of congruence between simulated and observed endemic richness hotspots obtained by taking different values of dispersal distance (d) for terrestrial, freshwater and marine species. The endemic richness was calculated as the sum of the inverse range sizes of all species occurring in a given grid cell. The number of common cells indicate the number of overlapping cells above the 10% threshold (0.1) of the highest value of endemic richness and from the proxy from plate tectonics. The expected hotspots correspond to the mean number of cells of overlap expected from the 999x randomisation. Figure 1: A. Illustration of the mechanism used to produce the spatial proxy of speciation from plate tectonics. During each million-year time slice, the simulation first defines the patches separated by at least one cell of unsuitable habitat using an algorithm of cluster splits implemented in the "dbscan" function in the fpc library in R. The model identifies for each cell, the number of surrounding "donor" cells from disconnected habitat patches below a dispersal distance d. A higher number of possible donor cells is assumed to increase the chance of long distance dispersal across a barrier. To accommodate the movement of the continents, the cell values at time t are transferred to the closest new cell values at time t+1. B. Examples of four paleogeographies showing the location of high potential for speciation across straits for 130, 97, 48 and 2 Mya.
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Species data and endemic richness
We mapped the global endemic richness for 14 taxonomic group. The metric of endemic richness combines both the level of endemism and species richness as done in Kier et al. (2009) . We computed the sum of the inverse range sizes of all species occurring in a given grid cell. The range size of each species was measured as the number of grid cells in which a species occur across the globe. As this method is applicable to gridded distribution data we computed distribution ranges in the form of rasters for 181,603 species on 1° squared grid at global scale. The 14 taxonomic groups can be separated in three categories based on their habitat preferences: (i) for the terrestrial ecosystem we compiled the distribution data for 154,507 species (6,309 amphibians, 5,289 mammals, 128,565 plants, 4,278 reptiles, 10,066 birds); (ii) for freshwater ecosystem we compiled the distribution data for 9,597 species (1,277 crabs, 1,887 mollusks, 135 plants, 6298 fishes); (iii) for marine ecosystem we compiled the distribution data for 17,499 species (844 corals, 632 cone snails, 369 sea cucumbers, 61 sea snakes, 15,593 fishes).
For most of species (amphibians, mammals, reptiles, birds, corals, cone snails, sea cucumbers, crabs, mollusks, freshwater plants, and freshwater fishes) range maps were downloaded from the IUCN website. Species distribution information were compiled in the context of The IUCN Red List assessment (IUCN 2014) . The species distribution maps in shapefile format were converted into rasters and aggregated based on a 1° resolution global grid. The distribution information for terrestrial plants was obtained from the Kew worldwide database. We used checklists corresponding to the most detailed "level3" polygons from the Taxonomic Databases Working Group (TDWG; http://www.tdwg.org/, http://www.kew.org/science-conservation/research-data/resources/gisunit/tdwg-world). Polygons generally correspond to countries, although larger countries are often subdivided into states. For each species, the polygon of the range was rasterized and aggregated on a 1° resolution grid globally.
Fish species occurrence data were obtained from the Ocean Biogeographic Information System (OBIS, http://www.iobis.org). We inventoried 16 238 200 occurrence records from 34.883 entries.
We cleaned the data by identifying the synonyms, misspellings and rare species and by restraining it to species present in the marine environment according to FishBase. Synonyms were converted to accepted names. This resulted in a set of 11,503,257 occurrences for 11,345 fish species around the world. We reconstructed distribution maps for each species, defined as the convex polygon peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/131128 doi: bioRxiv preprint first posted online May. 3, 2017;  surrounding the area where each species was observed. The resulting polygon was divided into four parts across the world to integrate possible discontinuity between the two hemispheres and the Atlantic and Pacific Oceans. We refined the distribution map of each species by removing areas where maximal depths fell outside the minimum or maximum known depth range of the species. Final distribution maps of well-known species were checked visually and reviewed. As the OBIS database did not completely represent the tropical assemblage of fish, we used the GASPAR database at 1° resolution that encompass 6316 coral reef species to complete the database (Pellissier et al. 2014 ). We crosschecked the databases for the synonymous by using FishBase and we merged them. We obtained a world database containing 15593 fish species that we aggregated on a 1° resolution grid globally.
Plate tectonic reconstruction
To investigate whether the dynamic of plate tectonics is associated to the location of hotspots of endemic richness, we generated paleogeographic reconstructions showing the area of exposed land and shallow reefs surface in absolute paleo-positions from the breakup of Gondwana in the Early Cretaceous (140 Ma) to the present in 1 Ma steps. We used the GPlates open source software (http://www.gplates.org;) in conjunction with a newly devised set of digital paleoshoreline positions and a global plate motion model to generate gridded, individual paleogeographic reconstructions for land surface area at any given time step based on geological observations. Those paleogeographies were already used in Leprieur et al. (2016) .
Modelling of dispersal potential across strait
We developed a model based on land and shallow reef dynamic, which quantifies the amount of potential dispersal into each cell from disconnected patches. The model starts in early Cretaceous times (140 Ma), since layers were not unavailable for deeper time period. The model records at any single point in time and for each cell the number of cells from disconnected patches from which it can receive long distance disperser, which would potentially give rise to a new species. During each million-year time slice, the simulation first define the lands patches separated by at least one cell of sea using an algorithm of cluster splits implemented in the "dbscan" function in the fpc library in R. Then, the model quantifies for each cell, the number of surrounding cells from disconnected land patches below a dispersal distance d. A higher number of possible donor cells is assumed to increase the chance of long distance dispersal across a sea barrier. Finally, to accommodate the movement of the continents, the cell values at time t are transferred to the closest cell values at time t+1. Area with high complexity of land patches for extended duration are expected to have the highest potential for allopatric speciation shaping species richness and endemism across barriers. We tested a range of dispersal d (5, 10, 15, 20, 25, 30 [°] ).
Extinction filter
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/131128 doi: bioRxiv preprint first posted online May. 3, 2017;  The previous index highlights the location favourable to species formation through allopatric speciation since the late Cretaceous. However, current species diversity is also the result of extinction, which is supposed to be higher at higher latitude consequently to more pronounced climatic fluctuations. To correct for a gradient in extinction rate associated to latitude and better highlight the location of biodiversity hotspots, we created a filter assuming that survival decreases either linearly or with a Gaussian distribution with latitude. The linear model takes an X-intercept at 0° of latitude and a Y-intercept corresponding to the maximum number in the potential for allopatric speciation. The Gaussian model is centred at 0° of latitude and a range of amplitude parameters were evaluated. The range of values between 15 and 80 were tested for the σ parameter. Finally, we filtered the observed map of potential allopatric speciation to filtering effect of extinction to better highlight the locations of biodiversity hotspots longitudinally.
Congruence analysis
We tested whether there is a significant spatial congruence between potential hotspot obtained by the model and the observed endemic richness for the 14 taxonomic groups. We performed a congruence analysis, comparing the observed spatial overlap between hotspots compared to a null-model following Mouillot et al. (2011) . For each pairwise comparison, we calculated the number of cells recorded as a hotspot (10% of highest values) for both observed and modelled and the degree of independence between the two hotspot ensembles. To assess the significance of observed overlaps from that obtained by chance, we computed a randomization procedure. We randomly permuted (x 999) values contained in cells of one of the two considered variables. The percentage of cell overlaps was estimated for each permutation. In this analysis, the number of common hotspots represents the number of cells that are recorded as a hotspot for both observed and predicted patterns. To avoid the overestimation of hotspot in arid areas, we excluded the cells classified as desert from this analysis.
The expected hotspots corresponding to the independence between the two hotspot ensembles.
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/131128 doi: bioRxiv preprint first posted online May. 3, 2017;  Supplementary figures Figure S1 : Outputs of the simulations with different starting times (A) 100Mya, (B), 80Mya, (C) 60Mya, (D) 40Mya. The map of the final step of the simulation starting in the Cretaceous (140Mya) was highly correlated to the outputs using more recent starting dates (e.g. for d=10, Pearson's correlations with 100Mya: cor=0.92, 80 Mya: cor=0.88, 60 Mya cor=0.72, 40 Mya cor=0.66).
Specifically, the spatial distribution of high values is conserved, only the strength of the effect in Madagascar relative to the other hotspots tend to increase with a more recent start.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/131128 doi: bioRxiv preprint first posted online May. 3, 2017; Figure S2 : Evolution through time of the favourable configurations of paleogeographies for speciation through allopatric speciation across sea straits, here shown with the parameter value of dispersal of d=10 for 9 time periods across the past 130 Mya.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/131128 doi: bioRxiv preprint first posted online May. 3, 2017; Figure S3 : Evolution through time of the favourable configurations of marine shallow marine reef habitats for speciation through allopatric speciation across deep sea, here shown with a dispersal d=10 for 9 time periods across the past 130 Mya. The region south west of Africa has particularly high simulated values since from the separation of South America and Africa, it was characterized by fragmented reef patches, which fostered an increase in simulated values through time. 
